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[57] ABSTRACT 

A method and apparatus is disclosed for allocating band- 
width within a network switch having a plurality of input 
ports coupled to a plurality of output ports through a switch 
fabric to assure that a minimum bandwidth is allocated for 
predetermined scheduling lists. A switch allocation table is 
provided for each of a pluraUty of input ports. Each switch 
allocation table is organized as a circular table which is 
sequentially indexed via an associated index counter. 
Respective entries in the switch allocation table comprise 
scheduling list numbers which serve to identify cells requir- 
ing switch bandwidth. The respective index counters arc 
synchronized such that all switch allocation tables have a 
corresponding entry selected. The amount of bandwidth and 
delay through the network switch is controlled for each of 
the scheduling lists based upon the number and spacing of 
entries in the respective switch allocation table. Latency 
through the network switch is significantly reduced via the 
use of a pace counter and a pace limit which, in cooperation 
with the switch allocation table, determine whether a cell 
associated with a particular scheduling list may be dis- 
patched through the switch fabric for transmittal onto a 
network link by at least one of the output ports. 
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CONTROLLING BANDWIDTH 
ALLOCATION USING A PACE COUNTER 

RELATED APPUCAHON 

A claim of priority is made to provisional applicatioo Set. ^ 
No. 60/001,498 entitled Communication Method and 
Apparatus, filed Jul. 19, 1995. 

FIELD OF THE INVENTION 

10 

This invention relates to telecommunications and more 
specifically to a method and apparatus for controlling delay 
and bandwidth allocation in a network switch. 

BACKGROUND OF THE INVENTION 

15 

Network switches, such as Asynchronous Transfer Mode 
(ATM) network switches, are employed to route received 
network trafBc received on one of a plurality of input pons 
to one or more of a plurality of output ports for delivery 
ultimately to an intended destination or destinations over a 20 
network communications link. Input ports of the network 
switch may support a number of unidirectional physical 
links over which network trafBc is received and output ports 
of the switch may likewise support a plurality of unidirec- 
tional physical links over which network traffic is transmit- 25 
led. 

In an ATM network switch, the data streams comprise 
pluralities of ATM cells. Multiple cell streams involving 
different data sources and destinations may be multiplexed 
on any given link. The cell streams, referred to as ^0 
connections, are differentiated by fields which are contained 
in the cell header. 

Cell reception at a network switch is largely non- 
deterministic and bursty in nature. Thus, large numbers of 
cells may be received at a network switch which need to be 
quickly routed from the respective input port to the appro- 
priate output port or ports of the switch. Moreover, cells may 
be received over the various links which are competing for 
the same switch bandwidth. The network switch must man- 
age such network traflSc such that traffic which needs access 
to greater switch bandwidth are afforded such bandwidth 
while not starving other traffic which also needs access to the 
switch bandwidth. 

Additionally, different types of network traffic have dif- 
ferent service needs. For some types of traffic, such as video 
and audio traffic, a minimum bandwidth within the network 
switch must be assured and minimum delays must be 
maintained to faithfully reproduce the signal at the destina- 
tion. Other types of data traffic are not subject to the same 
requirements. 

For the above reasons it would be desirable to have a 
network switch which efficiently allocates the available 
switch bandwidth while assuring that minimum bandwidth 
and delay requirements of connections are satisfied. 55 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method and 
apparatus are disclosed for scheduling access to the avail- 
able bandwidth within a network switch, such as an ATM m 
network switch, having a plurality of input ports through 
which cells are received, a plurality of output ports for 
transmitting cells over a communication link, and a switch 
fabric for selectively forwarding cells received at each of the 
input ports to one or more of the output ports. ^5 

Cell streams for a plurality of connections are received at 
respective input ports of the network switch having a 
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plurality of port processors comprising a To Switch Port 
processor (TSPP), a From Switch Port Processor (FSPP) and 
Data Serial Interface. More specifically, the TSPP is respon- 
sible for handling incoming data streams and the FSPP is 
responsible for handling outgoing data streams. The con- 
nection identification for each received cell is identified by 
parsing information contained in the cell header. Following 
parsing of the cell header and identification of the cell, the 
cell is placed on a queue associated with a schedufing list 
within the network switch if a cell buffer is available. If a 
cell buffer is unavailable, the cell is discarded and a statistics 
counter is updated or alternatively, the cell is forwarded to 
a system control module for further processing. 

Network switch bandwidth is divided into allocated and 
dynamic bandwidth. Allocated bandwidth is that network 
switch bandwidth which is guaranteed to be available to a 
scheduUng list. The allocated bandwidth for each scheduling 
list is preassigaed as a switch administration function and 
may be changed under the control of network switch admin- 
istration software. If a single connection is assigned to a 
scheduling list, that connection will have the ability to utilize 
the full amount of the allocated bandwidth. If multiple 
connections arc assigned to a scheduling list, those connec- 
tions will share the bandwidth assigned to the respective 
scheduling list. 

The assignment of unallocated and unused allocated 
bandwidth (collectively referred to as "dynamic 
bandwidth") depends upon the instantaneous utilization of 
the switch resources. More specifically, dynamic bandwidth 
is shared by those connections which do not have allocated 
bandwidth and additionally may be shared by connections 
which have allocated bandwidth. 

In the presently disclosed network, allocated bandwidth is 
managed using a time slot generator in conjunction with a 
pacing technique. Bandwidth is overallocated to specified 
scheduling lists by assigning additional time slots to such 
lists, however, the pacing mechanism prevents the schedul- 
ing lists from using more than their respective designated 
bandwidth (which constitutes less than all of the allocated 
tiraeslots). 

A plurality of tables, known as switch allocation tables 
(SATs) are stored in memory within the switch. One such 
table is associated with each port processor within the 
network switch. The SATs, in conjunction with various 
scheduUng lists and queues, are used in the determination of 
which cells will be dispatched from respective input ports 
through the switch fabric to the output ports on a cell time 
by cell time basis. The entries within the respective SAT's 
contain scheduling list numbers which are used to select a 
queue assigned to a particular connection, i.e., the connec- 
tion that will gain access to the switch fabric during the 
respective cell time. Additionally, a lookup table is main- 
tained within the switch by administration software to map 
the respective connections to the various output ports. 

All of the SAft within the network switch have the same 
length table. Each SAT index counter produces an address 
output in response to a cell clock input. The address outputs 
of the respective SAT index counters are coupled to respec- 
tive address inputs of the SATs to selectively address one of 
the entries within each SAT within each cell time. The SAT's 
are synchronized such that the same entry within each SAT, 
as specified by the respective SAT index counter, is selected 
during each clock interval. The SAT index counters are 
continually clocked to identify successive entries within the 
SATs. After addressing or pointing to the last entry in the 
respective SATs, the SAT index counters wrap to address 0 
so as to address the initial entry within the respective SATs. 
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The scheduling list numbers within the SAI^ comprise 
offisels which are used to index into a scheduling list table. 
The scheduling list table serves to identify queues associated 
with the respective scheduling list. Each queue comprises a 
FIFO which has entries pointing to one or more cells stored 
in a cell buffer memory and awaiting access to the switch 
fabric for selective forwarding from the respective input port 
to one or more of the output ports. 

During any given cell time, no two input ports can 
transmit a cell to a single output port. The scheduling list 
numbers within the SATs are maintained by administration 
software such that during any given cell interval, the output 
ports specified by the respective scheduling list numbers in 
the plurality of SATs are unique. The amount of bandwidth 
and delay through the switch fabric is controlled by the 
number of entries in the respective SAT which are assigned 
to the respective scheduling lists. 

To assure allocation of suitable bandwidth for the respec- 
tive connections and maintenance of appropriate network 
switch delays the pacing mechanism is provided. The pacing 
mechanism assures that a predetermined number of entries 
with a SAT having a specified scheduling list number are 
skipped before allowing a cell from the respective schedul- 
ing list to be forwarded to one or more of the output ports. 

More specifically, a table of scheduling list descriptors is 
provided which includes one scheduling list descriptor for 
each schedxiling list. Each scheduling list descriptor includes 
information pertinent to the respective scheduling list 
including a pace counter field and a pace limit field. The 
pace limit field specifies the number of entries within the 
SAT having a specific scheduling list number which must be 
accessed after dispatching a cell from that scheduling list 
prior to launching another cell through the switch fabric 
from that scheduling list. The pace limit is programmable 
and is set under the control of system administration soft- 
ware. The pace counter field represents a count of the 
remaining number of times that the respective scheduling 
list number must be accessed before launching another cell 
to the switch fabric from the respective scheduling list. The 
pace counter for a respective scheduling list is set to the pace 
hmit each time a cell is dispatched to the switch fabric from 
the respective list. 

Each time the SAT index counter is incremented and a 
valid scheduling list number retrieved from the respective 
SAT, the pace counter for the respective scheduling list is 
decremented if the pace counter is not already set to 0. If the 
pace counter is equal to 0 it remains at zero until a cell is 
dispatched. If the pace counter is equal to 0, a cell may be 
launched to the switch fabric for delivery to the output port 
for the respective connection if a cell is queued for trans- 
mission on a queue of the respective scheduling list. When 
a scheduling list is established by system administration 
software, the pace counter is preset to 0 such that a cell will 
be dispatched the first time a SAT entry is accessed having 
the respective scheduling list number following enqueuing 
of a cell to a queue on that scheduling list. 

Thus, the entries within the switch allocation table, in 
conjunction with the pace limit and counter, determine the 
allocated bandwidth for the respective connections identi- 
fied in the SAT^s and additionally reduce cell latency 
through the switch as a consequence of the overallocation of 
SAT entries for predetermined scheduling lists. 

Typically, all slots within the SAT's are not allocated to 
scheduling lists. In the event slots within a SAT are not 
p reassigned or allocated to a scheduling list, such slots are 
known as unallocated bandwidth and are available as 
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dynamic bandwidth which may be assigned for use by 
connections competing for such dynamic bandwidth. In 
addition to the circumstance stated above in which no valid 
scheduling Ust number was assigned to a specific entry 

5 within a SAT, dynamic bandwidth is available for use in the 
event the respective SAT entry contains a valid scheduling 
fist number but the pace counter does not permit a cell to be 
launched to the switch fabric for the respective scheduling 
list (pace counter is not equal to zero)(ref erred to as "unused 

10 allocated bandwidth") or in the event that a valid scheduling 
list number was present in the SAT for the re^ective time 
slot and the pace counter permitted the launching of a cell 
(pace counter was equal to 0) but no cell was present in the 
respective scheduling list's queue to be dispatched. 

15 The foregoing scheduling technique assures that connec- 
tions which need a minimum allocated bandwidth will 
receive that bandwidth. Additionally latency is reduced 
when compared to systems which utilize time slot band- 
width allocation without the presently disclosed pacing 

20 mechanism. Moreover, as a consequence of the pacing 
mechanism, bursty traffic is smoothed so that connections 
competing for resources arc more likely to find dynamic 
bandwidth available. 

25 DESCRIPTION OF THE DRAWING 

These and other features of the present invention will be 
more fully understood from the following Detailed Descrip- 
tion of the Invention in conjunction with the drawing of 
which: 

FIG. 1 is a block diagram of a network switch in accor- 
dance with the present invention; 

FIG. la is a diagram illustrating the buffer organization in 
the network switch of FIG. 1; 
35 FIG. 2 is a diagram of a plurality of switch allocation 
tables used in accordance with the present invention; 

FIG. 3 is a diagram of the data stmctures used in con- 
junction with the switch allocation tables of FIG. 2; 

FIG. 4 is a flow diagram illustrating the pacing mecha- 
nism employed in accordance with the present invention; 
and 

FIG. 5 is a diagram of data structures used to assure 
conflict avoidance in output port assignments. 

''^ DETAILED DESCRIPTION OF THE DRAWING 

Referring to FIGS. 1 and la, the presently disclosed 
network switch 2 includes a plurality of input ports 14, a 
plurality of output ports 16 and an NxN switch fabric 9, 

50 coupled between the input ports 14 and output ports 16. 
Each input port 14 includes a To Switch Port Processor 
("TSPP") ASIC 22 and each output port 16 includes a From 
Switch Port Processor ("FSPP') ASIC 17. A Multipoint 
Topology Controller ("MTC) ASIC 18 is coupled between 

55 each TSPP 22 and a Bandwidth Arbiter ("BA") ASIC 12, as 
well as between the bandwidth arbiter 12 and each FSPP 17, 
as shown. In one embodiment, each MTC 18 supports up to 
four TSPPs 22 or FSPPs 17. 

The switch fabric 9 includes a data switch 10, such as a 

60 data crossbar switch for data cell transport, a bandwidth 
arbiter 12 and MTCs 18 for control signal transport. The 
NxN switch fabric in the present embodiment yields a 
throughput of approximately Nx670 megabits per second. 
The bandwidth arhiter 12 controls, inter alia, transport of 

65 data cells from a TSPP 22 to one or more FSPPs 17 through 
the data switch 10 (i.e., switch port scheduling). More 
specifically, the bandwidth arbiter ("BA") controls switch 
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fabric interconnection, schedules available dynamic band- 
width and resolves multipoint to point bandwidth conten- 
tion. The TSPPs 22 accept streams of celb 26 as their inputs 
and presents another stream of cells to the data switch 10 for 
routing to the appropriate FSPPs 17. Each FSPP 17 receives 
cells from the data switch 10 and schedules transmission of 
those cells onto network links 13 (i.e., link scheduling). The 
incoming cells can be sourced by cither a segmentation unit 
(not shown) which converts packets to cells, or alternatively 
cells may be sourced direcdy from a line interface such as 
an 0C3 link. 

Each of the input ports 14 and output ports 16 includes a 
plurality of input buffers 126 and output buffers 128, respec- 
tively (FIG. Ifl). The buffers 126, 128 are organized into a 
plurality of input queues 132a-m (referred to herein gener- 
ally as input queues 132) and a plurality of output queues 
134a-w (referred to herein generally as output queues 134), 
respectively. More particularly each input port 14 includes a 
plurality of input queues 132 and each output port 16 
includes a plurality of output queues 134, as shown. The 
input queues 132 are stored in a Control RAM 21 and a 
Pointer RAM 20 of the input port 14 and the output queues 
134 are stored in a CRl RAM 44 and a CR2 RAM 44 of the 
output port 16. 

To traverse the switch fabric 9, a data cell 26 enters the 
network switch 2 through an input port 14 and is enqueued 
on an input queue 132 at the respective TSPP 22. The cell is 
then transmitted from the respective input queue 132 to one 
or more output queues 134 via the data switch 10. Control 
signals are transmitted from a TSPP 22 to one or more 
FSPPs 17 via the respective MTCs 18 and the bandwidth 
arbiter 12. In particular, data and control signals may be 
transmitted from an input queue 132 to a particular one of 
the output queues 134, in the case of a point to point 
connection 140. Alternatively, data and control signals may 
be transmitted from an input queue 132 to a selected set of 
output queues 134, in the case of a point to multipoint 
connection 142. From the output queue(s) 134, the data cell 
26 is transmitted outside of the network switch 2, for 
example, to another switch 129 via a network link 13. 

The bandwidth arbiter 12 contains a dataswitch or cross- 
bar controller 80 which includes a probe crossbar, an XOFF 
crossbar and an XON crossbar, each of which is an NxN 
switch. A request message, or probe control signal, flows 
through the probe crossbar and is used to query whether or 
not sutScient space is available at the destination output 
queue, or queues 134 to enqueue a cell. The request message 
is considered a "forward" control signal since its direction is 
from a TSPP 22 to one or more FSPPs 17 (i.e, the same 
direction as data). A two bit control signal flows in the 
reverse direction (from one or more FSPPs to a TSPP) 
through the XOFF crossbar and responds to the request 
message query by indicating whether or not the destination 
output queue, or queues 134 are presently capable of accept- 
ing data cells and thus, whether or not the transmitting TSPP 
can transmit cells via the data switch 10. In the event that the 
XOFF control signal indicates that the queried output queue 
(s) 134 are not presently capable of receiving data, another 
reverse control signal, which flows through the XON 
crossbar, notifies the transmitting TSPP once space becomes 
available at the destination output queue(s) 134. 

Each output port 16 contains four memories: a Control 
RAM 1 ("CRl RAM") 42, a Control RAM 2 ("CR2 RAM") 
44, a Cell Buffer RAM 48 and Quantum Flow Control RAM 
("OFC RAM") 46. The Cell Buffer RAM 48 is where the 
actual cells are buffered while they await transmission to a 
network Unk 13. The CRl RAM 42 and the CR2 RAM 44 
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contain the output queues 134, with each queue 134 con- 
taining pointers to cells in the Cell Buffer RAM 148. The 
CRl RAM 42 contains information required to implement 
scheduling lists used to schedule link access by the output 
queues 134 associated with each link 13 supported by the 
FSPP 17. The QFC RAM 46 stores update information for 
transfer to another switch 129 via a network link 13. Update 
cells are generated in response to buffer state update infor- 
mation provided by a TSPP 22 and specify whether the 
particular TSPP 22 is presently capable of accepting data 
cells. 

Upon receipt of a cell at the TSPP 22, a VXT processor 
19 inspects the cell header and indexes into certain lookup 
tables to ascertain whether the cell belongs to a valid 
scheduling list. In the event that the cell is associated with 
a valid scheduling list, the cell is assigned to an input queue 
number. The input queue number is used to point to a queue 
descriptor which contains state information pertaining to the 
respective scheduling list. Additionally, the queue number is 
used to locate the cells within the Cell Buffer RAM 23 as 
hereinafter described. In the event that a received cell cannot 
be validated by the VXT processor 19 as being associated 
with a valid scheduling list, the cell can either be discarded 
or assigned to an exception queue and forwarded to a system 
control processor for further processing. 

Switch allocation tables (SATs) in conjunction with the 
pacing mechanism herein described, cooperatively assure 
deterministic delays within the network switch and provide 
for the allocation of bandwidth to individual connections or 
groups of connections comprising a scheduling list. One 
switch allocation table is provided for each Input Port 14 
within the Pointer Ram 20 of the respective Input Port 14. 
The pointer ram 20 is coupled to a To Switch Port Processor 
ASIC (TSPP) 22 within the Input Port 14 via control and 
data buses 24. 

Referring to FIG. 2, switch allocation tables (SAB) 
(collectively 26), are used to select scheduling lists which 
define cells to be dispatched through the data switch 10 on 
a cell time by cell time basis. All port processors operate in 
tandem and, for ports 0, 1, 2, 3, ... m. use their respective 
SAT's 28, 30, 32, 34 ... 36 respectively, to determine which 
cells to transfer through the data switch 10 of the switch 
fabric 9 to one or more of the plurality of output ports 16 in 
any given cell time slot interval. 

The SATs each comprise a linear table, the entries of 
which comprise scheduling list numbers, such as scheduling 
list numbers A, B, C, D, E and F shown in SATs 26. 
Individual SATs 28, 30, 32, 34 and 36 are addressed by 
respective SAT index counters 28a, 30fl, 32fl, 34o and 36fl, 
which sequentially address each entry within the respective 
SAT's. The respective SAT index counters 28a, 30a, 32a, 
34a and 36a are synchronized as hereinafter described such 
that the entry associated with the same SAT address for each 
of the SATs will be accessed at any given instant in time. For 
example, referring to FIG. 2, when the SAT index counter 
28fl provides an output address of "1", the Port 0 SAT 28 
will provide an output equal to scheduling list number "A". 
At the same lime that the SAT index counter 28a provides 
an output of "1", the SAT index counter 30a for Port 1 will 
likewise produce an output address of "1" and the SAT 30 
for Port 1 will provide an output equal to scheduling list 
number "D". Further, during the same time slot correspond- 
ing to address 1, the Port 2 SAT 32 will provide an output 
equal to scheduling list number "E", the Port 3 SAT will 
provide an output equal to 0 (indicating that no scheduling 
number has been specified for this time slot) and the Port m 
SAT will provide an output equal to scheduling list number 
"F'. 
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The SAT index counters 28a, 30a, 32a, 34fl and 36a are 
located within the respective TSPPs 22. In the present 
embodimeat, the SAT index counters are 14 bits wide 
thereby allowing for a SAT size of 0 to 16^83 entries. The 
SAT size is specified by a value stored within a program- 
mable register within the switch fabric 9 in a manner 
hereinafter discussed. In a preferred embodiment of the 
present invention, the SATs have 8192 entries, although the 
number of entries within the SATs may be varied based upon 
system requirements. The SAT index counters are thus used 
to address the respective SATs within each TSPP22 to select 
one of the possible 8192 entries a SAT in each Input Port 14 
and, as indicated above, the SATs arc synchronized so that 
corresponding addresses of each SAT table are selected 
during each SAT time slot. 

The SAT index counters 28fl, 30a, 32fl, 34a . . . 36a are 
incremented in response to a cell clock signal 40 which, in 
the present embodiment, causes the SAT index counters to 
increment every 635 nanoseconds. A synchronizing pulse is 
superimposed on the cell clock signal 40 to cause the SAT 
index counters to reset to zero on the first cell clock after the 
detection of the synchronizing pulse. The periodicity of the 
synchronization pulse is established by a predetermined 
value which is stored in a programmable register (not 
shown) and a counter located within the switch fabric 9. In 
one embodiment, the counter is loaded with the predeter- 
mined value stored in the programmable register and the 
counter is decremented upon the occurrence of each cell 
clock. The synchronizing pulse is generated when the 
counter reaches 0. The counter is then reloaded with the 
predetermined value whereupon the cycle is repeated. 
Alternatively, the counter may be incremented upon the 
occurrence of each cell clock and compared to the value 
stored within the programmable register. In the event the 
value in the counter equals the value in the programmable 
register, the synchronizing pixlse is generated and the 
counter is reset to 0. The size of the SAT's is thus specified 
by the value stored within the programmable register since 
cycling through the respective SAT's will be restarted upon 
recognition of the synchronizing pulse. 

One cell may be dispatched from each respective input 
port during each time slot associated with a SAT entry. Thus, 
assuming a 16 input portxl6 output port data switch 10, and 
the availability of appropriate cells for dispatch, 16 cells 
could be launched from the respective input ports to the 16 
output ports within the 635 ns cell clock interval. The time 
slots within the SATs thus contain entries which determine 
the cells which can be launched to the data switch 10 of the 
switch fabric 9 for eventual transmittal out of the plurality of 
output ports 16 under the control of the respective FSPPs 17. 
Since two cells cannot be transmitted to the same output port 
during the same interval, the output ports associated with the 
scheduling list numbers in the respective SATs for any given 
SAT index counter address output must be unique. Thus, for 
address 1, the output ports associated with the entries in the 
respective SAT's for Ports 0 through m are unique. 

FIG. 5 illustrates the mechanism by which output port 
conflicts are detected and avoided. The mechanism is 
depicted for a 4—4 switch fabric for illustrative purposes. 
During each time slot, each input port accesses a SAT entry. 
The Input Port number is prepended to the scheduling list 
number retrieved from the respective SAT. The Input Port 
number and scheduling list number are forwarded to the 
respective MTC 18. The MTC maintains a lookup table 90 
having segments 90fl, 90fc, 90c and 90c which are assigned 
to each of the four respeaive input ports. The Input Port 
number, as illustrated in FIG. 5 is used to select one segment 
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of the lookup table and the scheduling list number is 
employed as an oflEset into the respective segment of the 
lookup table 90. The lookup table contains bit vectors which 
identify the Output Port or Ports which are needed for the 
respective cell traffic. For example, referring to FIG. 5, the 
bit vector retrieved for Input Port 0, scheduling list number 
6, indicates that Input Port 0 has traffic for Output Port 1. 
The bit vector for Input Port 2, scheduling list number 3 
indicates that Input Port 2 seeks to forward a cell to Output 
Ports 2 and 3. The bit vectors for the respective Input Ports 
are retrieved from the lookup table 90 and assembled in a 
matrix 92. The matrix 92 is tested to assure that no column 
has more than a single entry. In the event a column of the 
matrix contains two or more entries, such indicates that two 
or more input ports are requesting access to the same output 
port during the respective SAT time slot. In the event such 
an indication of an output port conflict is obtained, exception 
processing is initiated. An indication of the Output Ports 
scheduled for each MTC is conveyed to the BA 12. 
Unscheduled Output Ports are scheduled for dynamic band- 
width assuring avoidance of Output Port conflicts. It should 
be noted that in the event the switch constituted a 16-16 
switch fabric, the bit vector lookup table 90 would be 16 bits 
wide and the matrix 92 would constitute a 16-16 matrix. 

Call administration software within the network switch is 
responsible for loading the respective SATs so as to avoid 
conflicts regarding output port usage and SAT entry assign- 
ments. 

Each time the synchronizing pulse occurs, the SAT index 
counters reset to 0 and continue incrementing. Thus, each of 
the SAT tables repeatedly cycles through the respective 
entries in a predetermined sequence with a cell clock 40 
clocking the respective SAT index counters every 635 nano- 
seconds. Each timcslot or SAT scheduling list entry, in the 
present embodiment, corresponds to approximately 64 k 
bits/sec of cell payload bandwidth. 

The data structures employed to identify a specific cell 
which will be dispatched to the data switch 10 of the switch 
fabric 9 from the respective TSPP 22 are illustrated in FIG. 
3. A scheduling list number 10 from one the SATs, and 
identified at 50, is employed as an offset into a scheduling 
list header table 52. The scheduling list header table 52 
includes a plurality of entries each of which includes a head 
pointer 54 and a tail pointer 56. Thus, the scheduling list 
number (which in the present example is illustrated to be 10) 
is multiplied by 2 to obtain an ofEset of 20 to locate the head 
pointer at the 20th location within the Scheduling List 
Header Table 52. 

It should be noted that bandwidth allocation can be 
assured for a single connection corresponding to a specific 
VPI/va address in an AIM environment, by assigning a 
single connection to a particular scheduling list which has 
available \o it all of the bandwidth allocated via the SAT and 
the pacing mechanism. Alternatively, multiple connections 
may be assigned to a single scheduling list which share the 
allocated bandwidth among the connections associated with 
that list. 

A queue number (5 in the present example) is retrieved 
from the Scheduling List Header Table 52. The retrieved 
queue number serves to identify the specific queue from 
which a cell will be retrieved for dispatch to the data switch 
10 of the switch fabric 9. The queue number within the head 
pointer of the Scheduling List Header Table 52 is also used 
as a pointer into a Queue Pointer Table 58. The Queue 
Pointer Table 58 contains the queue number for the next 
queue on the scheduling list. Thus, in the present example. 
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location 5 of the Queue Pointer Table 58 contains the value 
7 which is the queue number for the second queue in the 
respective scheduling list. Since the queue number 7 equals 
the queue number of the tail pointer 56 at location 21 of the 
Scheduling List Header table 52 in the present example, 
queue number 7 is the last queue on scheduling list number 
10. 

The queue number (such as queue number 5) in the 
Scheduling List Header Table 52 also serves as an index into 
a Queue Header Table 60. The Queue Header Table is also 
organized with head and tail pointer pairs 62 and 64 respec- 
tively. The head pointer 62 is used as an ofket into the Cell 
Buflfer RAM 23 to locate the cell for dispatch through the 
data switch 10 of the switch fabric 9. The head pointer 62 
also is used as an index into a Cell Pointer Table 66 to 
identify the location of the next cell within the respective 
cell queue scheduled for transmission through the data 
switch 10. In the present example, since the contents of 
location 100 contain the value of the tail pointer 64 of the 
queue header table 60, only two cells reside on the queue for 
transmission through the data switch 10. 

The queue number, such as queue number 5 is also used 
as an ofEsct into a Queue Descriptor Table 67 which is stored 
within the Control RAM 21. The Queue Descriptor Table 
contains one or more queue descriptors such as queue 
descriptor 68 which occupy five 32 bit entries within the 
Queue Descriptor Table. Thus, the queue number obtained 
from the Scheduhng List Header Table 52 is multiplied by 
5 to obtain the oGbet into the Queue Descriptor Table 67. 

The queue descriptor contains an identification of the 
scheduling list number for the respective queue number and 
additionally a cell count of cells currently buffered on the 
respective queue. When the cell count goes to 0 following 
transmission of the last cell on the respective queue, the 
queue is removed from the Scheduling List Header Table 52 
and Queue Pointer Table 58. 

Once a cell has been transmitted to all of its designated 
output ports, the cell gets dequeued. To dequeue a cell, the 
Queue Header Table 60 is updated by loading the Head 
Pointer 62 with the contents of location 100 of the Cell 
Pointer Table 66. This points the queue header to the next 
cell to be transferred. Since there is an additional cell (the 
15lh cell within the cell buffer) that awaits transmission, 
queue number 5 within the Scheduling list Header table is 
not dequeued but rather, pushed to the bottom of the round 
robin list so that other queue numbers within the scheduling 
list will receive fair (round robin) access to the allocated 
bandwidth. 

The relevant tables are updated after dispatch of a cell in 
the following manner. After dispatch of a cell, the contents 
of the Head Pointer 54 are written to a temporary register 
(not shown). The Head Pointer 54 is next loaded with the 
value of the next queue number in the scheduling list which 
is obtained by using the value in the temporary register as an 
index into the Queue Pointer Table 58 and retrieving the 
value at the respective location. The value in the temporary 
register ("5" in the present example) is next written into the 
location in the Queue Pointer Table 58 specified by the Tail 
Pointer 56 (i.e. a "5" is written into location 7 of the Queue 
Pointer Table 58 in the present example). Finally, the value 
in the temporary register is written into the Tail Pointer 56 
to complete the updating of the respective tables. As a 
consequence of the above described table updates, the next 
queue on the respective scheduling list with available cells 
for dispatch is selected in a round robin manner. In the event 
that queue number 5 only included a single cell for 
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transmission, upon dispatch of that cell to the switch fabric, 
queue number 5 would be dequeued, or removed, from the 
Scheduling List Header Table 52 instead of being pushed to 
the bottom of the round robin list. 

The foregoing mechanism is employed to locate cells for 
dispatch at each Input Port 14 within each cell lime. In the 
event that the respective SAT entry contains a "0" entry, such 
indicates that no allocated bandwidth has been assigned for 
that timeslot for the respective Input Port 14. When a "0" 
entry is detected within a particular SAT entry, the Band- 
width Arbiter is signaled that such timeslot is available for 
the use of dynamic bandwidth, i.e. cell dispatch through the 
switch fabric for which bandwidth has not been allocated 
through the SATs. 

The pacing mechanism is employed in conjunction with 
the SATs to assure that allocated bandwidth is provided to 
specified scheduling lists of queues while minimizing cell 
latency through the network switch. The pace counter in 
conjunction with the pace Umit is employed to permit 
overallocation of SAT entries to reduce the latency for cells 
dispatched from the respective scheduling list while pre- 
venting a scheduling list from obtaining more than its 
allocated bandwidth. 

Latency, or delay through the switch, is a function of the 
amount of bandwidth allocated for a given queue or group 
of queues on a scheduling list. Latency is reduced by 
assigning more, generally evenly spaced, SAT entries for a 
given scheduling list and only allowing a cell to be dis- 
patched for a particular scheduling list following retrieval of 
at least a predetermined number of occurrences of the 
respective scheduling list number in the respective SAT as 
explained with greater particularity below. 

More specifically, a pace limit and a pace counter are 
associated with each scheduling list. Referring to FIG. 3, a 
scheduhng hst descriptor, such as scheduling list descriptor 
70, is stored in a Scheduling List Descriptor Table 72 within 
the Control RAM 21. The Scheduling List Descriptor Table 
72 contains all of the scheduling list descriptors for the 
scheduling lists assigned for the respective SAT. 

The pace limit comprises a value which, in the present 
embodiment, is stored in a 10 bit wide pace limit field within 
the scheduling list descriptor. Additionally, the pace counter 
is stored in another 10 bit wide pace counter field of the 
scheduling list descriptor. The pace Umit specifies the num- 
ber of SAT entries for a particular scheduling list number to 
be skipped when making allocated requests for scheduling 
list numbers that are overallocated. The pacing mechanism 
is employed when the nimiber of SAT entries allocated to a 
scheduling list is greater than the number of SAT entries 
needed for the allocated bandwidth requested. 

Assuming for purposes of discussion that a particular 
scheduhng hst has been allocated 32 SAT entries to achieve 
a specific delay, but only needs four entries to achieve its 
requested bandwidth, the pace limit is set lo 7 and the pace 
counter is set to zero. When a Scheduling List Descriptor 
within the Scheduhng List Descriptor table 72 is initiahzed, 
the pace coimler is set to 0 remains at equal to 0 until a cell 
is dispatched. 

The pacing mechanism may be disabled by setting the 
pace hmil field equal to 0. Setting the pace hmit field equal 
to 0 will cause every valid SAT entry for the respective 
scheduling list to make a request for allocated bandwidth if 
there is a cell available for transmission from the respective 
scheduhng list. 

When the SAT index counter points to a SAT entry for the 
respective scheduling list, if the pace counter is equal to 
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zero, and if the list contains no cells for dispatch, nothing is 
done to the pace counter and the time slot is given up to 
dynamic bandwidth by signalling the bandwidth arbiter. 
TTius, after the pace counter has been initialized lo zero it 
remains at zero until a cell is dispatched. 

Upon shipping a cell to the data switch 10 of the switch 
fabric 9, the pace counter is set to the value specified by the 
pace limit. Each successive time the respective SAT entry 
points to the respective scheduling list, the pace counter is 
tested to determine if it equals zero. If the pace count does 
not equal zero, the pace counter is decremented and the 
timeslot is assigned to dynamic bandwidth. After decrement- 
ing the pace counter, if the pace counter equals 0 and a cell 
is enqueued on the scheduling list for dispatch, the cell is 
dispatched to the data switch 10 of the switch fabric 9 and 
the pace counter is preset to the pace limit. If the pace 
counter is equal to zero, and no cell is enqueued on the 
respective scheduling list, the pace counter remains at zero 
until a cell is enqueued on the respective scheduling list. 
Such a cell will then be dispatched upon retrieval of the next 
SAT entry for the respective scheduling list. Following 
dispatch of the cell the pace counter is again set to the pace 
limit. 

The presently disclosed pacing method is further illus- 
trated with reference to the flowchart of FIG. 4. The same 
method is employed in each of the TSPPs for each of the 
respective SATs, 

The SAT index counters are incremented as indicated in 
step 100 to point to the next entry in the respective SAT. As 
indicated in step 102, the respective SAT entry is read and, 
as indicated in step 104, the SAT entry accessed in step 102 
is tested to ascertain whether the retrieved entry corresponds 
to a valid scheduling list. As indicated in step 106, if the SAT 
entry does not correspond to a valid scheduling list, the 
respective SAT timeslot is assigned to Dynamic Bandwidth. 
The Bandwidth Arbiter is signaled with respect to the 
availability of the respective timeslot and as indicated in step 
100, the SAT index counter is incremented on the next cell 
clock. If it is determined in step 104 that the SAT entry does 
correspond to a valid scheduling list, a further test is 40 
performed in step 108 to determine if a cell associated with 
the respective scheduling list is queued for dispatch. If no 
cell is queued for dispatch, as indicated in step 110, the pace 
counter is tested to determine if the counter value equals 0. 
If the counter value equals 0, the counter value is left 
unchanged and the respective SAT timeslot is assigned to 
dynamic bandwidth as illustrated in step 106. The SAT index 
counters are then incremented upon the arrival of (he next 
cell clock as indicated in step 100. If the test of the pace 
counter in step 110 reveals that the pace counter is not equal 
to 0, as indicated in step 112, the pace counter is decre- 
mented and the respective SAT timeslot is assigned to 
dynamic bandwidth as illustrated in step 106. The SAT index 
counters are then incremented upon the arrival of the next 
cell clock. 

If the test of step 108 reveals that a cell associated with the 
respective scheduling list is queued for transmission, the 
pace counter is tested to determine if the counter value 
equals 0 as illustrated in step 114. If the pace counter is not 
equal to zero, an enqueued cell for the respective scheduling 
hst is not dispatched to the switch fabric and, as indicated in 
step 112, the pace counter is decremented. Following the 
decrementing of the pace counter in step 112, the respective 
SAT tiraeslol is assigned to dynamic bandwidth as depicted 
in step 106. The SAT index counters are then incremented 
upon the anrival of the next cell clock as illustrated in step 
100. 
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If a cell associated with the respective scheduling list is 
enqueued for dispatch, as indicated by step 108, and the pace 
counter is equal to 0, as reflected by the test of step 114, the 
first cell queued for dispatch for the respective scheduling 
list is forwarded to the data switch 10 of the switch fabric 9 
as illustrated in step 116. Following dispatch of the cell to 
the switch fabric, the pace counter is preset to the pace limit 
as illustrated in step 118. Thereafter as indicated in step 100, 
the SAT index counter is incremented upon the arrival of the 
next cell clock. 

The foregoing method is apphed in parallel for each of the 
SAT's associated with the respective TSPP's 14. 

As a consequence of the above described technique, the 
first cell that is scheduled for dispatch will be forwarded to 
the switch fabric upon recognition of the next SAT entry for 
the respective scheduling list when the pace counter is equal 
to 0. Additionally, due to the fact that the pace counter is 
decremented each time the respective SAT entry is recog- 
nized (unless it is already equal to 0), even if no cells are 
available for dispatch, an arriving cell is more likely 
(depending upon the SAT entry assignments) to arrive at a 
time when the pace counter has been decremented to zero 
thereby permitting the cell to be dispatched upon recognition 
of (he next SAT entry for the respective scheduling list. 
Since the SAT entries employing the present pacing tech- 
nique occur more frequently than would occur without the 
overallocation of bandwidth within the SAT, average cell 
latency is shorter than would be experienced in a system 
employing a SAT without the present pacing technique. 

The presently disclosed pacing mechanism also allows 
assignment of bandwidth to a scheduling Ust less than that 
which would be assignable without this mechanism. In 
particular, the minimum increment of bandwidth assignable 
in a system using a switch allocation table for bandwidth 
allocation corresponds to the bandwidth assignable in one 
time slot within the table. With the pacing mechanism it is 
possible to skip full cycles or non-integer multiples of cycles 
through the SAT table by storing one or more scheduling list 
numbers in the SAT table and storing a number greater than 
the number of scheduUng list entries in the pace limit 
counter. For example, if only one SAT table entry had a 
selected scheduling list number and the pace limit for that 
scheduling list was set to 1, a time slot would only be 
allocated for the scheduling list every two cycles through the 
SAT table although the latency for cell dispatch would not 
exceed 1 SAT table cycle following countdown of the pace 
counter. Latency may be further reduced by overallocating 
bandwidth to the SAT table for the specified scheduling list. 
By way of example, latency may be reduced by assigning 
the specified scheduling list number to 2 SAT entries within 
the SAT table and setting the pace limit to 3. tn this 
circumstance, cells would be dispatched every 2 SAT table 
cycles, however, once the pace-counter counted down to 0, 
the latency would be no more than the time to cycle through 

of the SAT table. 

Via the presently disclosed pacing mechanism, flexibility 
is provided in the ability to allocate bandwidth based upon 
the needs of specific scheduling lists. Additionally, delays 
through the switch are reduced and bursty cell traffic is 
advantageously paced or smoothed in accordance with pre- 
defined bandwidth allocations. 

The foregoing description is iUtistrative of a novel method 
and apparatus for allocating bandwidth and reducing cell 
latency in a network switch. Other embodiments of and 
variations from the presently disclosed methods and appa- 
ratus will be apparent to those of ordinary skill in the art 
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without departing from the inventive concepts contained 
herein. Accordingly, the present invention is to be viewed as 
embracing each and every novel feature and novel combi- 
nation of features present in or possessed by the methods and 
apparatus herein disclosed and is to be viewed as limited 
solely by the scope and spirit of the appended claims. 
What is claimed is: 

1. A method for allocating bandwidth in a network switch 
having a plurality of input ports, a plurality of output ports 
and a switch fabric for selectively forwarding cells queued 
for transmission in a queue at one of said plurality of input 
ports to at least one of said plurality of output ports com- 
prising the steps of: 

repeatedly retrieving from a table in a memory, in a 
predetermined sequence, a plurality of table entries, at 
least one of said plurality of table entries having a first 
predetermined value; 

in a first dispatching step, dispatching a first cell associ- 
ated with said first predetermined value and queued for 
transmission to said switch fabric upon retrieval of one 
of said table entries having said first predetermined 
value; 

in a second dispatching step, dispatching a second cell 
associated with said first predetermined value to said 
switch fabric following queuing of said second cell on 
a queue associated with said first predetermined value 
and upon retrieval of a predetermined plurality of table 
entries having said first predetermined value if said 
second cell is queued for dispatch prior to retrieval of 
said predetermined plurality of table entries having said 
first predetermined value. 

2. The method of claim 1 wherein said second dispatching 
step further includes the step of dispatching a second cell 
associated with said first predetermined value to said switch 
fabric following queuing of said second cell on a queue 
associated with said first predetermined value and upon 
retrieval of the next table entry having said first predeter- 
mined value if said second cell is queued for dispatch 
following retrieval of said predetermined plurality of table 
entries having said first predetermined value. 

3. The method of claim 1 wherein said repeatedly retriev- 
ing step further comprises the steps of: 

storing within said memory said plurality of table entries, 
wherein each of said table entries within said memory 
has a predetermined address; 
repeatedly generating a sequence of addresses; and 
accessing said table entries in accordance with said 
sequence of addresses. 

4. The method of claim 1 wherein said queue comprises 
a plurality of queues at at least some of the time and said step 
of dispatching a cell associated with said first predetermined 
value comprises the step of dispatching said cell from one of 
said plurality of queues. 

5. The method of claim 4 wherein said method fiirther 
comprises the step of selecting each queue of said plurality 
of queues in a predetermined sequence and wherein said step 
of dispatching said cell associated with said first predeter- 
mined value comprises the step of dispatching said cell from 
the selected queue of said plurality of queues. 

6. The method of claim 5 wherein said step of selecting 
each queue of said plurality of queues in a predetermined 
sequence comprises the step of selecting the respective 
queue of said plurality of queues in a round robin sequence. 

7. The method of claim 5 wherein said step of dispatching 
said cell from the selected queue of said plurality of queues 
in said predetermined sequence further comprises the step of 
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dispatching said cell from the selected queue of said plu- 
rality of queues on a first in first out (FIFO) basis within each 
queue of said plurality of queues. 

8. The method of claim 1 wherein said method further 
includes the steps of: 

receiving said first cell at said one of said plurality of 
input ports and storing said first cell in said queue; 

subsequent to receipt of said first cell, receiving a second 
cell at said one of said input ports and storing said 
second cell in said queue. 

9. The method of claim 1 wherein said table entries having 
said first predetermined value are selectively stored within 
said table such that said table entries having said first 
predetermined value are retrieved substantially periodically. 

10. The method of claim 1 wherein at least two of said 
plurality of table entries contain said first predetermined 
value. 

11. The method of claim 10 wherein said dispatching step 
further comprises the step of: 

dispatching a cell associated with said first predetermined 
value and queued for transmission to said switch fabric 
following retrieval of said predetermined plurality of 
table entries having said first predetermined value, 
upon retrieval of the next table entry having said first 
predetermined value. 

12. A method for allocating bandwidth in a network 
switch having a plurality of input ports, a plurality of output 
ports and a data switch for selectively forwarding cells from 
one of said plurality of input ports to one of said plurality of 
output ports comprising the steps of: 

repeatedly retrieving from a table stored in memory, in a 
predetermined sequence, a plurality of table entries, at 
least one of said plurality of table entries having a first 
predetermined value, said first predetermined value 
being associated with a queue of said input port; 
upon retrieval of each of said table entries having said first 
predetermined value, testing a counter value to deter- 
mine if said counter value is equal to a second prede- 
termined value; 
if said counter value is equal to said second predetermined 
value and a cell is queued for transmission in a queue 
associated with said predetermined value; 
forwarding said queued cell from said queue associated 

with said first predetermined value to said data 

switch for delivery to at least a selected one of said 

output ports; and 
setting said counter value to a third predetermined 

value; and 

if said counter value is not equal to said second prede- 
termined value, updating said counter value. 

13. The method of claim 12 wherein said step of updating 
said counter value comprises the step of modifying said 
counter value such that said counter value approaches or 
equals said second predetermined value. 

14. The method of claim 12 wherein said second prede- 
termined value equals 0 and said modifying step comprises 
the step of decrementing said counter value. 

15. The method of claim 12 wherein said network switch 
includes a table for each of said plurality of input ports and 
said method includes the step of repeating each of the steps 
recited in claim 12 for each of said tables and wherein said 
first predetenmined value for each of said tables may com- 
prise a different first predetermined value. 

16. The method of claim 12 wherein said at least one table 
entry is selectively stored within said table such that said 
table entries having said first predetermined value are 
retrieved substantially periodically. 



04/08/2004, EAST version: 1,4.1 



5,982,771 



15 



16 



17. The method of claim 12 wherein at least two of said 
plurality of table entries contain said first predetermined 
value. 

18. The method of claim 13 wherein said dispatching step 
further comprises the step of: s 

dispatching a cell associated with said first predetermined 
value and queued for transmission to said switch fabric 
following retrieval of said predetermined plurality of 
table entries having said first predetermined value upon 
retrieval of the next table entry having said first pre- 
determined value. 

19. A network switch having a plurality of input ports, a 
plurality of output ports, a switch fabric in electrical com- 
munication with said pluralities of input and output ports, 
wherein said switch fabric is operative to dispatch a cell 
received from one of said input ports to at least one of said 
output ports, said network switch comprising: 

a queue having a queue identifier of a first predetermined 
value, said queue being associated with said one of said 
input ports; 

a queue identifier generator operative to repetitively out- 
put a sequence of queue identifiers, said sequence 
containing at least one queue identifier having said first 
predetermined value; 

a cell dispatch controller operative to dispatch a cell from js 
said queue within said one of said input ports to said 
switch fabric following the output by said queue iden- 
tifier generator of a predetermined plurality of queue 
identifiers having said first predetermined value after 
dispatch of a prior cell from said queue if said cell is 30 
queued on said queue prior to the output of said 
predetermined plurality of queue identifiers having said 
first predetermined value. 

20. The network switch of claim 19 wherein said cell 
dispatch controller is further operative to dispatch a cell 35 
from said queue within said one of said input ports to said 
switch fabric following queuing of a cell on said queue and 
upon the output by said queue identifier generator of the next 
queue identifier having said first predetermined value if at 
least said predetermined plurality of queue identifiers having 40 
said first predetermined value have been output by said 
queue identifier generator since the dispatch of a prior cell 
from said queue. 

21. The network switch of claim 19 wherein said queue 
identifier generator comprises: 45 

an address generator operative to repeatedly generate a 
series of addresses in a first predetermined sequence; 
and 

a memory containing a table having a plurality of table 
entries, wherein selected ones of said table entries 50 
comprise said queue identifiers, said memory being 
responsive to said address generator to output one of 
said table enuies in response to each of said addresses, 
said table containing at least two queue identifiers 
having said first predetermined value. ss 

22. The network switch of claim 20 wherein said address 
generator further comprises a counter which is operative to 
output sequential addresses in response to a clock input. 

23. The network switch of claim 19 wherein said queue 
comprises a plurality of queues at at least some of (he time. 60 

24. The network switch of claim 23 further comprising a 
cell dispatch controller operative to dispatch a cell from each 
queue of said plurality of queues in a predetermined 
sequence. 

25. The network switch of claim 24 wherein said cell 65 
dispatch controller is operative to dispatch a cell from each 
queue of said plurality of queues in a round robin sequence. 



26. The network switch of claim 19 wherein said queue 
identifier generator is operative to output queue identifiers 
having said first predetermined value substantially periodi- 
cally. 

27. The network switch of claim 19 wherein at least two 
of said queue identifiers have said first predetermined value. 

28. The network switch of claim 27 wherein said dis- 
patching step further comprises the step of; 

dispatching a cell associated with said first predetermined 
value and queued for transmission to said switch fabric 
following retrieval of said predetermined plurality of 
queue identifiers having said first predetermined value 
upon retrieval of the next queue identifier having said 
first predetermined value, 

29. A network switch for forwarding a cell received from 
one of a plurality of input ports of said network switch to one 
of a plurality of output ports of said network switch via a 
switch fabric comprising; 

an address generator operative to repeatedly generate a 
series of addresses in a first predetermined sequence; 

a memory containing a table comprising a plurality of 
table entries and operative in response to said address 
generator to output one of said table entries in response 
to an address input, said table containing at least one 
tabic entry having a first predetermined value; 

a counter containing a counter value; 

a storage register containing a second predetermined 
value; 

a queue associated with said first predetermined value for 
storing at least one cell for transmission to at least one 
of said output ports; 

a bandwidth controller operative in response to the output 
of each of said plurality of entries of said first prede- 
termined value from said table to determine if said 
counter value equals a third predetermined value; 

said bandwidth controller being further operative, if said 
counter value is equal to said third predetermined value 
and a cell is queued for transmission in said queue to: 
dispatch said cell from said queue to said switch fabric; 
and 

set said counter value to. said second predetermined 
value; and 

said bandwidth controller being further operative, if said 
counter value is not equal to said third predetermined 
value, to update said counter value. 

30. The network switch of claim 29 wherein said third 
predetermined value equals 0 and said bandwidth controller 
is operative to decrement said counter value if said counter 
value is not equal to 0. 

31. The network switch of claim 29 wherein said second 
predetermined value is greater than one. 

32. The network switch of claim 29 wherein said memory 
is operative to output table entries having said first prede- 
tcnmincd value substantially periodically in response to said 
address generator. 

33. The network switch of claim 29 wherein at least two 
of said plurality of table entries contain said first predeter- 
mined value. 

34. The network switch of claim 33 wherein said dis- 
patching step further comprises the step of; 

dispatching a cell associated with said first predetermined 
value and queued for transmission to said switch fabric 
following retrieval of said predetermined plurality of 
table entries having said first predetermined value upon 
retrieval of the next table entry having said first pre- 
determined value. 
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35. A method for allocating bandwidth in a network 
switch having a plurality of input ports, a plurality of output 
ports and a switch fabric for selectively forwarding cells 
queued for transmission in at least one queue associated with 
one of said plurality of input ports to at least one of said 5 
plurality of output ports comprising the steps of: 

generating a continuous sequence of scheduling list 
identifiers, wherein at least one scheduling list identi- 
fier of said sequence has a first predetermined value 
which is associated with said at least one queue; 
detecting said scheduling list identifiers; 
dispatching to said switch fabric a cell available for 
dispatch from one of said at least one queue and 
associated with said first predetermined value upon 
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detection of a predetermined plurafity of scheduling list 
identifiers having said first predetermined value fol- 
lowing the dispatch of a prior cell from said at least one 
queue. 

36. The method of claim 35 wherein said dispatching step 
further comprises the step of dispatching a cell which 
becomes available for dispatch from said at least one queue 
after detection of said predetermined plurality of scheduling 
list identifiers having said first predetermined value since the 
dispatch of said prior cell, upon detection of the next 
scheduling list identifier having said first predetermined 
value. 

^ * * ■* 
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